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Summary
Background:  The  accuracy  of  two-dimensional  transesophageal  echocardiography  (2D-TEE)  for
the measurement  of  aortic  valve  area  (AVA)  in  patients  with  aortic  stenosis  (AS)  depends  upon
the cross-section  selected  for  imaging.  Real-time  three-dimensional  transesophageal  echocar-
diography  (3D-TEE)  may  overcome  this  limitation  of  2D-TEE.  The  goal  of  this  study  was  to
compare 3D-TEE  with  2D-TEE  for  the  measurement  of  AVA.
Methods  and  results:  Twenty-ﬁve  patients  with  AS  underwent  TEE.  In  2D-TEE,  the  aortic  valve
image was  obtained  at  the  oriﬁce  level  in  the  short-axis  view,  and  AVA  was  measured  by  planime-
try of  the  acquired  images  (2D-AVA).  In  3D-TEE,  3D  data  containing  the  entire  aortic  valve  were
obtained.  Then,  a  short-axis  cross-section  containing  the  smallest  oriﬁce  in  mid-systole  was  cut
from the  3D  data  during  image  postprocessing,  and  the  AVA  was  measured  by  planimetry  (3D-
AVA). The  3D-AVA  was  signiﬁcantly  smaller  than  the  2D-AVA  (0.79  ±  0.35  cm2 vs.  0.93  ±  0.40  cm2,
p <  0.0001),  but  there  was  a  strong  correlation  between  3D-AVA  and  2D-AVA  (R  =  0.94).  Although
the frame  rate  was  lower  in  3D-TEE  than  in  2D-TEE  (17  ±  6  Hz  vs.  58  ±  16  Hz),  the  3D-AVA
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determined  at  each  frame  during  systole  showed  that  the  difference  between  3D-AVA  and  2D-AVA
was not  explained  by  the  lower  frame  rate.  The  time  required  for  image  acquisition  of  the  aortic
valve was  shorter  with  3D-TEE  than  with  2D-TEE  (p  =  0.0005).
Conclusions:  The  geometric  AVA  is  smaller  with  3D-TEE  than  with  2D-TEE,  and  the  difference  is
not due  to  the  lower  frame  rate  of  3D-TEE.  The  improved  accuracy  of  3D-TEE  along  with  reduced
tes  that  3D-TEE  is  superior  to  2D-TEE  for  the  assessment  of  AVA.
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Holding  the  transducer  position  stable,  the  imaging  plane
was  rotated  to  obtain  the  short-axis  view.  Then,  the  imag-
ing  sector  was  narrowed  to  image  the  aortic  valve  alone  andimage acquisition  time  indica
© 2012  Japanese  College  of  C
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he  prevalence  of  aortic  stenosis  (AS)  is  increasing  with
ging  of  the  population.  Furthermore,  surgery  rather  than
edical  therapy  is  more  effective  for  relieving  symptoms
nd  increasing  life  expectancy  in  severe  AS  [1—7]. Accurate
easurement  of  the  aortic  valve  area  (AVA)  is  important  for
ssessing  the  severity  of  AS  and  the  selection  of  an  appro-
riate  management  strategy  in  patients  with  AS  [8—11].
urrently,  transthoracic  echocardiography  (TTE)  is  typically
sed  to  measure  AVA  with  the  Doppler-derived  continu-
ty  equation  or  the  planimetry  method.  Two-dimensional
ransesophageal  echocardiography  (2D-TEE)  has  also  been
sed  to  assess  AVA  by  planimetry,  and  gives  more  reliable
mages  with  less  noise  than  TTE  [12,13].  However,  2D-TEE
an  overestimate  the  geometric  AVA  because  of  the  subop-
imal  selection  of  an  imaging  cross-section  that  misses  the
inimal  oriﬁce  area  [14].
Real-time  three-dimensional  transesophageal  echocar-
iography  (3D-TEE)  is  a  novel  echocardiographic  technique
hat  has  the  potential  to  overcome  the  limitations  of  2D-TEE
n  measuring  geometric  AVA,  because  it  allows  selection  of  a
D  cross-section  from  the  3D  data  that  is  independent  of  the
ltrasound-beam  direction.  3D-TEE  seems  to  be  a  promising
ool  to  assess  AVA,  although  its  accuracy  and  usefulness  have
ot  been  fully  established  [15]. A  recent  study  has  shown
hat  the  geometric  AVA  measured  with  3D-TEE  is  smaller  than
hat  measured  with  2D-TEE,  suggesting  that  3D-TEE  may  be
ore  accurate  [16]. However,  the  relatively  lower  frame
ate  of  3D-TEE  compared  with  2D-TEE  might  also  explain
he  smaller  AVA,  and  the  effect  of  a  lower  frame  rate  with
D-TEE  on  AVA  has  not  been  clariﬁed.  Moreover,  3D-TEE  may
equire  less  time  than  2D-TEE  to  obtain  the  images  needed
or  AVA  assessment,  but  there  are  no  reports  that  directly
ompared  the  time  required  to  the  measure  AVA  with  these
wo  methods.
The  purpose  of  this  study  was  to:  (1)  compare  the  geo-
etric  AVA  obtained  using  3D-TEE  with  that  obtained  using
D-TEE  in  AS  patients;  (2)  assess  AVA  per  frame  with  3D-TEE
o  evaluate  the  effects  of  a  lower  frame  rate  with  3D-TEE
n  AVA  assessment;  and  (3)  compare  the  time  required  for
mage  acquisition  or  assessment  with  the  two  methods.
ethods
tudy  population
wenty-ﬁve  consecutive  patients  referred  to  our  echocardio-
raphic  laboratory  for  decision-making  of  surgical  treatment
or  AS  were  enrolled.  All  the  patients  were  in  sinus  rhythm,
nd  patients  with  symptoms  of  New  York  Heart  Association
lass  IV  were  excluded.  The  study  protocol  was  approved
o
s
m
mology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
y  the  Institutional  Review  Board  of  the  Osaka  City  General
ospital  and  written  informed  consent  was  obtained  from
ll  patients.
chocardiography
onventional  TTE  was  performed  at  ﬁrst,  and  then  TEE  was
erformed  immediately  after.  TTE  and  TEE  were  performed
sing  a  Philips  IE33  instrument  with  S5-1  probe  for  TTE  and
7-2t  probe  for  TEE  (Philips  Medical  Systems,  Bothell,  WA,
SA).  The  X7-2t  is  a  matrix  array  transducer  that  is  used  to
cquire  a  pyramidal  volume  dataset  from  a  single  window  in
eal  time  and  provides  2D  and  live  3D  images.
TE
n  TTE,  standard  measurements  including  left  ventricular
LV)  mass  index,  LV  diastolic  dimension  (LVDd),  LV  systolic
imension  (LVDs),  LV  ejection  fraction  (LVEF),  and  left  atrial
olume  index  were  performed  according  to  the  Guidelines
f  the  American  Society  of  Echocardiography  [17]. In  addi-
ion,  Doppler  ﬂow  data  in  AS  patients  were  obtained  from
he  left  ventricular  outﬂow  tract  (LVOT)  region  in  the  pulsed
ave  mode  and  from  the  aortic  valve  in  the  continuous
ave  mode  using  multiple  transducer  positions  to  obtain
he  maximum  velocity.  The  LVOT  diameter  was  measured
n  the  parasternal  long-axis  view  at  the  position  used  to
btain  the  pulse-wave  Doppler  data.  AVA  was  calculated
sing  the  continuity  equation  [AVA  =  areaLVOT × (velocity  time
ntegralLVOT/velocity  time  integralvalve)]  [18].
D-  and  3D-TEE
nsertion  of  the  TEE  probe  was  performed  using  stan-
ard  methods.  After  probe  insertion,  the  transmitting  and
eceiving  frequencies  were  set  at  2—7  MHz  for  fundamental
maging  and  2.4/4.8  MHz  or  2.7/5.4  MHz  for  2nd  harmonic
maging,  with  the  goal  of  obtaining  higher  resolution  aortic
alve  images  with  fewer  artifacts.  The  gain,  compression
nd  focus  depth  were  also  adjusted  as  appropriate.
Next,  a  2D-TEE  motion  picture  of  the  aortic  valve  was
ecorded.  The  long-axis  view  of  the  aortic  valve  and  ascend-
ng  aorta  was  obtained  initially  to  deﬁne  the  optimal  position
f  the  transducer  location  at  the  mid-esophageal  level.btain  the  maximal  frame  rate.  A  2D  cross-section  in  the
hort-axis  view  was  carefully  selected  so  as  not  to  miss  the
inimal  oriﬁce  area  at  the  tip  of  the  leaﬂets  at  the  time  of
aximal  opening  in  mid-systole,  and  a  motion  picture  of  the
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The times  required  for  aortic  valve  image  acquisition  dur-
ing  2D-TEE  and  3D-TEE  were  also  measured.  In  addition,  we
measured  the  times  required  for  2D-TEE  and  3D-TEE  image
postprocessing  for  measurement  of  the  AVA  by  planimetry.
These  postprocessing  analyses  of  2D-AVA  and  3D-AVA
were  performed  by  one  expert  cardiologist  twice  to  assess
intraobserver  variability  and  by  another  expert  cardiologist
to  assess  interobserver  variability.
Statistical  analysis
Continuous  variables  are  expressed  as  mean  ±  standard  devi-
ation  (SD).  Comparison  of  measurements  between  two
groups  was  performed  using  Student’s  paired  t  test.  Lin-
ear  regression  analysis  was  used  to  assess  the  relationship
between  2D-AVA  and  3D-AVA,  and  correlation  coefﬁcients
were  expressed  as  R  values.  Bland—Altman  analysis  was
performed  to  assess  the  agreement  between  two  methods,
and  the  limits  of  agreement  were  deﬁned  as  mean  ±  1.96  SD
of  the  average  differences  between  the  methods.  Intraob-
server  and  interobserver  variabilities  were  assessed  as
correlation  coefﬁcients  (R)  with  linear  regression  analysis
and  mean  differences.  A  p-value  <  0.05  was  considered  sta-
tistically  signiﬁcant.
Results
The  study  population  consisted  of  25  patients  with  AS.
There  were  no  particular  complications  during  any  of  the
TTE  or  TEE  examinations.  The  image  acquisitions  with  2D-
TEE  and  3D-TEE  were  feasible  in  all  the  patients.  Table  1
shows  clinical  characteristics  of  the  25  patients.  There  were
12  men  and  13  women,  with  a  mean  age  of  71  ±  8  years.
Table  2  shows  the  standard  measurements  obtained  with
TTE.  The  mean  LV  mass  index  was  138  ±  35  g/m2.  The  mean
LVEF  was  58  ±  13%,  and  6  patients  (24%)  had  LV  systolic
dysfunction  (LVEF  <  50%).  Twenty  (80%)  had  a  degenerative
calciﬁed  valve,  3  (12%)  had  a  bicuspid  valve,  and  2  (8%)
had  a  rheumatic  valve.  The  average  peak  and  mean  pres-
sure  gradients  across  the  aortic  valve  were  75  ±  28  mmHg
and  45  ±  19  mmHg,  respectively.  The  mean  AVA  derived  from
the  continuity  equation  was  0.75  ±  0.20  cm2.
The  averages  of  3D-AVA  and  2D-AVA  were  0.79  ±  0.35  cm2
and  0.93  ±  0.40  cm2.  In  addition,  3D-AVA  showed  a
very  strong  correlation  with  2D-AVA  (R  =  0.94,  p  <  0.0001)
Table  1  Clinical  characteristics.
n  (%)  or  mean  ±  SD  Range
Age  (years)  71  ±  8  57—87
Male (%)  12  (48)  —
Body surface  area  (m2)  1.55  ±  0.13  1.34—1.81
Hypertension  (%)  16  (64)  —
Dyslipidemia  (%)  13  (52)  —
Diabetes  mellitus  (%) 6  (24)  —
Smoking  (%) 9  (36) —Figure  1  Real-time  3D  data  acquisition  including  the  entire
aortic valve  using  the  ‘‘live  3D’’  function.
aortic  valve  during  one  complete  cardiac  cycle  was  digitally
recorded.  The  frame  rate  was  also  recorded.
Finally,  a  3D-TEE  motion  picture  of  the  aortic  valve  was
recorded.  Using  the  ‘live  3D’  function,  perpendicular  two
cross-sectional  2D-images  of  the  aortic  valve  in  long-axis
and  short-axis  views  were  displayed  side  by  side.  Adjust-
ing  the  imaging  sector  containing  the  entire  aortic  valve  in
each  image  during  one  complete  cardiac  cycle  to  obtain  the
maximal  frame  rate  and  not  to  miss  any  parts  of  the  aortic
valve,  a  real-time  3D  volume  dataset  was  acquired  and  the
frame  rate  was  recorded  (Fig.  1).
After  the  completion  of  the  TEE  examination,  2D-AVA
and  3D-AVA  were  measured  as  part  of  the  postprocessing
analysis.  For  the  measurement  of  2D-AVA,  the  frame  with
the  maximal  opening  of  the  aortic  valve  in  mid-systole
was  identiﬁed.  Then,  the  contours  of  the  inner  cusps  were
traced,  and  the  area  was  measured  by  planimetry.  For  the
measurement  of  3D-AVA,  three  cross-sectional  2D-images
perpendicular  to  each  other  (x,  y,  and  z  planes)  were
obtained  from  the  3D-volume  dataset  using  the  built-in  com-
mercial  software  (QLAB,  Philips  Medical  Systems).  With  this
software,  the  3D  volume  image  was  obtained  at  mid-systole,
where  there  was  maximal  opening  of  the  aortic  valve.  Then,
3  perpendicular  2D  planes  were  cut  from  the  3D  volume
image,  and  the  two  long-axis  planes  that  were  perpendic-
ular  to  each  other  were  adjusted  to  cross  the  center  of  the
aortic  valve.  The  third  cut-plane  showing  the  short-axis  view
of  the  aortic  valve  was  tilted  and  parallel  shifted  at  the  tip
of  the  leaﬂets  to  select  the  minimal  oriﬁce  area.  Using  the
image  planes  that  gave  the  minimal  oriﬁce  area,  the  con-
tours  of  the  inner  cusps  were  traced,  and  the  3D-AVA  was
measured  by  planimetry  (Fig.  2).
In  addition  to  obtaining  the  minimal  3D-AVA,  we  used
planimetry  to  measure  the  AVA  from  all  the  3D-TEE  frames
recorded  during  one  systole  phase  in  each  patient.  The
selection  of  the  cross-section  with  the  minimal  oriﬁce  area
was  repeated  in  each  frame  in  this  analysis.  Then,  the
3D-AVA  values  were  plotted  against  the  frame  time  during
systole,  and  then  the  frames  from  different  patients  were
aligned  so  that  the  maximum  AVA  occurred  at  the  same  rel-
ative  time  in  each  patient.  The  3D-AVA  values  obtained  for
each  frame  were  compared  with  the  2D-AVA.
Obesity  (%) 8  (32) —
Ischemic  heart  disease  (%) 10  (40)  —
Hemodialysis  (%)  4  (16)  —
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Figure  2  Three  cross-sectional  2D-images  obtained  from  the  3D-data  with  QLAB  software.  (A)  Two  long  axes  perpendicular  to  each
other were  set  across  the  center  of  the  aortic  valve  (blue  line  in  the  left  upper  panel  and  green  line  in  the  left  lower  panel).  The  2D
cross-sectional  image  at  the  blue  line  is  displayed  in  the  left  lower  panel,  and  2D  cross-sectional  image  at  the  green  line  is  displayed
in the  left  upper  panel.  Then,  an  optimal  short-axis  cut-plane  was  selected  by  shifting  and  tilting  the  red  lines  at  the  left  upper  and
lower panels  to  acquire  the  minimal  oriﬁce  area  at  the  time  of  maximal  opening  in  mid-systole.  The  short-axis  cross-sectional  image
at the  red  lines  is  displayed  in  the  right  upper  panel,  and  3D-aortic  valve  area  (AVA)  was  measured  with  planimetry.  (B)  Suboptimal
cut-plane parallel  shifting  to  the  base  of  the  valve  leaﬂets  (see  a  bold  red  line).  AVA  should  be  overestimated  at  this  cross-section.
(C) Suboptimal  cross-section  parallel  shifted  towards  the  leaﬂet  tips.  The  edge  of  valve  leaﬂets  to  measure  AVA  is  partly  broken  at
this cross-section,  and  it  can  be  recognized  that  the  cross-section  has  been  shifted  towards  the  leaﬂet  tips  over  the  optimal  level
(see bold  red  lines).
Figure  3  (A)  Linear  regression  analysis  between  3D-aortic  valve  area  (AVA)  and  2D-AVA.  (B)  Bland—Altman  analysis  between  3D-AVA
and 2D-AVA.  The  graph  displays  the  difference  of  the  individual  values  (y-axis)  against  the  average  values  (x-axis)  between  3D-AVA
and 2D-AVA.  The  central  line  represents  the  mean  of  the  differences  between  the  individual  values  and  the  upper  and  lower  lines
represent the  limits  of  agreement.
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Figure  4  The  3D-aortic  valve  area  (AVA)  values  are  plotted
against  frame  time  during  systole,  and  then  the  frames  from  dif-
ferent  patients  were  aligned  so  that  the  maximum  AVA  occurred
Table  3  Comparison  among  cont-AVA,  2D-AVA  and  3D-AVA.
2D-AVA  3D-AVA  p-Value
AVA  (cm2)  0.93  ±  0.40  0.79  ±  0.35  <0.0001
Frame rate  (Hz)  58  ±  16  17  ±  6  <0.0001
Time for  image
acquisition  (s)
85  ±  41  45  ±  34  0.0005
Time for  AVA 66  ±  71  202  ±  60  <0.0001
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cat the  same  relative  time  in  each  patient.
(Fig.  3A).  The  limits  of  agreement  between  the  two  methods
used  to  measure  AVA  were  evaluated  with  a  Bland—Altman
analysis.  The  mean  of  the  individual  difference  between
3D-AVA  and  2D-AVA  values  was  −0.14  ±  0.27  cm2 (Fig.  3B).
Fig.  4  shows  the  3D-AVA  values  plotted  against  the  frame
time  for  one  systolic  phase.  The  2D-AVA  is  also  shown  in
Fig.  4  for  comparison.  The  frame  rate  of  3D-TEE  was  sig-
niﬁcantly  lower  than  that  of  2D-TEE  (17  ±  6  vs.  58  ±  16  Hz,
p  <  0.0001).  The  time  for  image  acquisition  in  3D-TEE  was  sig-
niﬁcantly  shorter  than  that  in  2D-TEE  (45  ±  34  vs.  85  ±  41  s,
p  =  0.0005),  whereas  the  time  for  image  postprocessing  was
longer  with  3D-AVA  than  with  2D-AVA  (202  ±  60  vs.  66  ±  71  s,
p  <  0.0001)  (Table  3).
Table  2  Baseline  transthoracic  echocardiographic  para-
meters.
n  (%)  or
mean  ±  SD
Range
Heart  rate  (bpm)  79  ±  13  58—100
LV mass  index  (g/m2)  138  ±  35  60—195
LV diastolic  dimension
(mm)
47  ±  9  34—73
LV systolic  dimension  (mm)  33  ±  10  20—67
LV ejection  fraction  (%)  58  ±  13  26—75
LA volume  index  (ml/m2)  34  ±  17  17—94
Etiology  of  aortic  stenosis
Degenerative
calciﬁcation
20  (80)  —
Bicuspid  valve  3  (12)  —
Rheumatic  2  (8)  —
Continuity  equation
Peak  pressure  gradient
(mmHg)
75  ±  28 19—132
Mean pressure  gradient
(mmHg)
45  ±  19  11—92
AVA (cm2)  0.75  ±  0.20  0.40—1.10
AVA, aortic valve area; LA, left atrium; LV, left ventricle.
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AVA, aortic valve area.
The  intraobserver  variabilities  as  assessed  by  the  cor-
elation  coefﬁcient  and  the  mean  difference  were  0.94
nd  0.09  ±  0.08  for  3D-AVA  and  0.95  and  0.11  ±  0.07  cm2
or  2D-AVA.  The  interobserver  variabilities  were  0.96  and
.08  ±  0.08  cm2 for  3D-AVA,  and  0.92  and  0.14  ±  0.11  cm2 for
D-AVA.
iscussion
ssessing  the  severity  of  AS  is  a  commonly  encountered  clin-
cal  problem  and  is  limited  by  the  accuracy  of  the  current
ethods  including  TTE  and  TEE.  Our  goal  in  the  present
tudy  was  to  assess  the  feasibility  and  usefulness  of  newly
vailable  real-time  3D-TEE  for  the  measurement  of  AVA.  TEE
ith  image  acquisition  for  3D  reconstruction  was  success-
ully  performed  in  all  patients  in  the  present  study.
In  the  present  study,  3D-AVA  and  2D-AVA  had  a  good
orrelation  with  each  other.  However,  3D-AVA  was  signiﬁ-
antly  smaller  than  2D-AVA.  We  thought  that  this  difference
etween  3D-AVA  and  2D-AVA  occurred  due  to  the  follow-
ng  limitations  in  the  measurement  of  2D-AVA.  2D-TEE  often
akes  an  oblique  cut  or  cut-plane  through  the  valve  leaﬂets
ather  than  at  the  tip  of  the  leaﬂets.  Consequently,  it  is  often
echnically  difﬁcult  to  capture  the  tip  of  the  aortic  valve
eaﬂets  at  their  maximal  systolic  opening  using  2D-TEE  with
 ﬁxed  imaging  plane  [14,19,20]. In  addition,  2D-TEE  has  the
isadvantages  of  more  fussy  contours,  shadow  phenomena,
nd  motion  artifacts;  and  the  gain  setting  may  affect  the
easured  AVA,  especially  in  severely  calciﬁed  valves  [14].
ecause  of  these  limitations,  it  is  difﬁcult  to  use  2D-TEE  to
easure  the  minimal  oriﬁce  area  of  the  aortic  valve  when
t  is  maximally  opened,  and  it  is  easy  to  overestimate  AVA
ith  2D-TEE.  In  contrast,  3D-TEE  can  cut  a  2D  cross-section
rom  the  3D  data  that  is  independent  of  the  ultrasound-
eam  direction,  and  the  cut-plane  can  be  shifted  and  angled
o  obtain  an  image  at  the  tip  of  the  leaﬂets.  Thus,  3D-TEE
ay  overcome  one  of  the  limitations  of  the  measurement  of
eometric  AVA.  Several  previous  studies  suggested  that  3D-
EE  provides  a  more  accurate  oriﬁce  area  and  overcomes
he  limitations  of  2D-TEE  for  measuring  AVA  [14,19—21].
owever,  these  previous  studies  used  biplane  or  multiplane
D-TEE  instruments,  which  did  not  have  a real-time  3D  mode
nd  needed  several  recordings  at  each  angle  during  different
ardiac  cycles  to  construct  a  single  3D  image.  In  contrast,
e  used  real-time  3D-TEE  in  the  present  study,  and  could
ecord  a  3D  volume  dataset  during  a  single  cardiac  cycle.
ne  recent  study  has  also  assessed  AVA  using  real-time  3D-
EE,  and  found  results  consistent  with  the  present  study
22].  They  measured  AVA  by  tracing  the  aortic  valve  oriﬁce
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ith  thin-thickness  3D  images.  Their  method  seems  to  have
n  advantage  for  more  distinct  delineation  of  the  edge  of
he  aortic  valve  oriﬁce.  In  contrast,  we  used  a  2D  plane  cut
rom  the  3D  volume  data,  and  our  method  seems  to  have  an
dvantage  in  selecting  the  cross-section  with  the  minimal
riﬁce  area.  It  is  uncertain  which  method  is  more  accurate
n  the  assessment  of  AVA,  and  additional  studies  are  required
o  address  this  issue.
Because  of  the  lower  frame  rate  of  real-time  3D-TEE,
t  is  possible  that  the  frame  with  maximal  opening  of  the
ortic  valve  was  missed,  and  this  might  have  resulted  in  a
educed  AVA  compared  with  2D-TEE  [16]. To  address  this
ssue,  we  measured  the  AVA  in  each  3D-TEE  frame  in  all
atients  and  compared  each  of  these  measurements  with
D-AVA.  The  3D-AVA  values  plotted  against  frame  time  dur-
ng  one  systolic  phase  suggested  that  the  lower  frame  rate
as  not  the  cause  of  the  reduced  3D-AVA  compared  with  the
D-AVA.
The  analyses  of  reproducibility  in  the  measurements
f  AVA  in  the  present  study  showed  strong  intraobserver
nd  interobserver  agreements  both  in  2D-AVA  and  3D-AVA.
his  suggested  that  the  differences  between  2D-AVA  and
D-AVA  seen  in  the  present  study  did  not  depend  on  the
ifferences  in  the  intraobserver  or  interobserver  variabili-
ies.
Our  results  showed  that  the  time  required  for  image
cquisition  was  longer  with  2D-TEE  than  with  3D-TEE.  This
s  also  due  to  the  difﬁculty  in  obtaining  the  optimal  cut
lane  of  the  oriﬁce  area  in  2D-TEE.  In  contrast,  only  a  single
ataset  that  included  the  entire  aortic  valve  was  needed
or  the  3D-TEE  analysis.  Therefore,  3D-TEE  would  shorten
he  examination  time  and  possibly  minimize  patients’  dis-
ress.  In  contrast,  the  postprocessing  time  required  for  AVA
easurement  was  shorter  with  2D-TEE  than  with  3D-TEE.
his  resulted  from  the  additional  time  required  with  3D-TEE
o  cut  out  an  optimal  2D-plane  from  the  3D  volume  dataset.
owever,  we  believe  that  this  is  an  advantage  rather  than  a
isadvantage  of  3D-TEE.  In  3D-TEE,  we  can  repeatedly  cut
 2D-plane  from  the  3D  data  until  an  optimal  2D  image  is
btained.  Therefore,  3D-TEE  can  generate  more  careful  and
ccurate  measurements  during  image  postprocessing.
imitations
ome  limitations  of  the  present  study  should  be  acknowl-
dged.  First,  the  number  of  subjects  in  the  present  study
as  small;  and  the  etiology  of  AS  was  not  the  same  among
atients,  since  we  included  patients  with  degenerative  cal-
iﬁed,  bicuspid,  and  rheumatic  valves.
Second,  we  did  not  perform  catheter-based  measure-
ents  of  AVA  using  Gorlin’s  formula,  which  is  a  gold  standard
or  the  assessment  of  AVA.  However,  catheter-derived  AVA
s  the  physiological  AVA  and  differs  from  the  geometric  AVA
hat  we  investigated  in  the  present  study.  In  addition,  it  has  a
rawback  known  as  the  pressure  recovery  theory  [23]. Phys-
ological  AVA  can  also  be  calculated  with  continuity  equation
sing  Doppler  echocardiography.  However,  it  is  theoretically
maller  than  geometric  AVA  [24—26]  and  tends  to  be  under-
stimated  because  of  the  underestimation  of  LVOT  area  [26].
or  these  reasons,  we  believe  that  3D-AVA  has  the  potential
o  become  a  gold  standard  to  assess  AVA.
[A.  Furukawa  et  al.
onclusion
eometric  AVA  measured  with  3D-TEE  is  smaller  than  that
easured  with  2D-TEE,  and  the  difference  is  not  due  to
he  lower  frame  rate  of  3D-TEE.  The  improved  accuracy  of
D-TEE  along  with  reduced  image  acquisition  time  indicates
hat  3D-TEE  is  superior  to  2D-TEE  for  the  assessment  of  AVA.
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